Abstract-The use of wastewater generated from open hydroponic systems in Mauritius was identified as being an important issue for crop production. In the present study hydroponic effluents at different dilution factor combined with the recommended fertiliser rate was investigated. The yield and nutrient composition of lettuce was accordingly considered. The experimental design chosen was entirely randomised, with four replications. Data were statistically analysed using analysis of variance (ANOVA) according to the statistical package. The treatments were T1: Control (no fertiliser and no hydroponic effluents), T2: 100% hydroponic effluents as per initial EC value, T3: Diluted hydroponic effluents to 1 / 2 the initial EC value, T4:75% recommended mineral fertiliser rate + 25% of the mineral fertiliser applied in form of hydroponic effluents, T5: 100% recommended mineral fertiliser rate (70 kg N/ha, 71 kg P/ha, 93 kg K/ha). The accumulation of biomass from the lettuce plant shoots subjected to the treatment with added hydroponic effluents showed the second best results (13.14 t/ha) for the mass production from the shoots as compared to the recommended mineral fertiliser rate which gave the highest yield of 14.68t/ha. As compared to the control plot (T1) where growth was not prominent treatment T2 (100% hydroponic effluents) reached to 92,300 units/hectare and treatment T5 (100% recommended mineral fertiliser) reached to 93,200 units/hectare. The treatment with 100% recommended mineral fertiliser rate showed significantly higher levels of N, P and K in the plants followed by 100% hydroponic effluents. The study revealed appreciable results thereby indicating that the hydroponic effluents are a good source of fertiliser.
I. INTRODUCTION
The use of waste products in agriculture provides an approach for recycling of nutrients. Hydroponic effluents the end waste from greenhouses can be reused for agricultural purposes. In view of protecting our natural environment hydroponic effluents have appeared as a supplementary substitute use of fertiliser, although the positive effects of hydroponic effluents in crop production is very limited in Mauritius. The plant selected was Lactuca sativa L. var. (lettuce) due to the fact that this crop is considered as one of the highest accumulators of nitrates in the leaves (Merino 2006) . Lettuce is a short-cycle annual vegetable, with large leaves and rapid growth. It adapts best to lower temperatures, requiring wide temperature variations and high relative humidity (Cermeño, 1990) . Faced with the lack of works to Dr Prathima Seechurn Poonpoon, University of Mauritius, Mauritius Dr Bhanooduth Lalljee, University of Mauritius, Mauritius evaluate the effects of hydroponic effluents in agricultural crops, the objective of the present work was sought to quantify the shoot mass production of lettuce plants, as well as foliar nitrogen, phosphorus, potassium and other elements content following the application of hydroponic effluents.
II. FIELD EXPERIMENT
The treatments were as follows: T1: Control (no fertiliser and no hydroponic effluents), T2: 100% hydroponic effluents as per initial EC value, T3: Diluted hydroponic effluents to 1 / 2 the initial EC value, T4: 75% recommended mineral fertiliser rate + 25% of the mineral fertiliser applied in form of hydroponic effluents, T5: 100% recommended mineral fertiliser rate (70 kg N/ha, 71 kg P/ha, 93 kg K/ha). The rate of hydroponic effluents used under this experiment was 453 L/ha. The Electrical Conductivity (EC) of the hydroponic effluents was 1.4 mS/cm having a nitrate concentration of 240 mg/L. Uniform seedlings raised in seed trays were used as transplant. 45 days after plantation, the lettuce crop was harvested and the shoot dry mass was noted.
III. DATA ANALYSIS
The experimental design chosen was entirely randomised, with four replications. Data were statistically analysed using analysis of variance (ANOVA) according to the statistical package. Probabilities of significance among treatments and LSD (P≤0.05) were used to compare means between treatments. The hypothesis set for this experiment was as follows: H o : Hydroponic effluents will not increase the yield of lettuce and H 1 : Hydroponic effluents will increase the yield of lettuce.
IV. PLANT SAMPLING AND ANALYSES
Samples for the determination of mineral nutrients were prepared using dry ashing method. 2 g of oven dried sample was weighed each into a porcelain crucible, pre ashed, then ashed in a furnace at 450 o C until a white ash remains. The ash was then dissolved into 20 mL of 1M HCl and transferred into a 100 mL beaker which was placed in a boiling water bath for 30 minutes to complete digestion. The suspension was filtered on Whatman filter paper into a 100 mL volumetric flask. The filtrate was washed several times with distilled water and made up to 100 mL. The total kjeldahl nitrogen content was determined using the macro-kjeldahl technique -Gerhardt Kjeldatherm, Germany (Rowell, 1994) . Phosphorus content was also determined by the Rowell method. As regards to Effect of Wastewater from Hydroponics Culture on Lettuce Cultivation
Dr. Prathima Seechurn Poonpoon, and Dr. Bhanooduth Lalljee potassium, after dilution of the original ash solution to 1 / 5 , the emission was measured in an air-propane flame at wavelength 768 nm. The other trace elements were then determined by atomic mass spectrophotometer.
V. RESULTS
Lettuce treated with the 100% recommended mineral fertiliser rate showed higher shoot dry mass production of 14.68 t/ha followed by 13.14 t/ha from treatment (T2) 100% hydroponic effluents (Figure 1 .0). The yield obtained was directly related to the nutrients in the hydroponic effluents thus demonstrating that the concentration of the nutrients was necessary for the constructive and significant response. When comparing the treatments, significant differences were observed (p < 0.05) in the shoot biomass production. Plants cultivated with water only did not attain full development, possibly because of very low amount of nitrogen in the soil. As compared to the control plot (T1) where growth was not prominent treatment T2 (100% hydroponic effluents) reached to 92,300 units/hectare and treatment T5 (100% recommended mineral fertiliser) reached to 93,200 units/hectare. Treatment T2 (100% hydroponic effluents) showed more or less same amount of Ca and Mg accumulation in the lettuce plants. This source of nutrients is mainly derived from the hydroponic effluents used to irrigate the plants.
However, treatment T5 (100% recommended mineral fertiliser rate) showed the highest value of magnesium accumulation which again was mainly derived from the source of fertiliser used. The lesser the amount of fertiliser used the lesser the calcium and magnesium accumulation in plants. Table 2 .0 illustrates the other nutrient composition of lettuce plants. The sodium, sulphur and manganese content were high as compared to zinc, iron, copper and chromium content. Significant differences (p < 0.05) were observed with regard to the accumulation of nutrients in lettuce leaves. This could be highly due to the application of wastewater (T2) and 100% recommended mineral fertiliser (T5). Table 3 .0 shows the contribution of N per hectare of land. The highest N content was 432 kg N/ha from treatment T2 (100% hydroponic effluents) followed by 360 kg N/ha from treatment T5 (100% recommended mineral fertiliser). This implies that the hydroponic effluents are very effective as it enriches the soil quality for the next crop to be cultivated. However treatment T3 and T4 showed a lower N content per hectare as compared to the initial soil content which was 288 kg N/ha. It might be that the plants have used the N present in the soil as the N supplied from the fertiliser was not enough to sustain growth. An increase in fresh weight in the lettuce was due to the high concentration of the hydroponic effluents. The nutrients present in the hydroponic effluents correspond to the high yield thus demonstrating that the presence of NPK in the mixture was vital for the constructive and positive response. When comparing the treatments, it was observed that there were statistically significant differences (p < 0.05) in the shoot biomass production (Figure 1.0) . The accumulation of biomass from the lettuce plant shoots subjected to the treatment with added hydroponic effluents showed the second best results (13.14 t/ha) for the mass production from the shoots as compared to the recommended mineral fertiliser rate which gave the highest yield of 14.68t/ha. The high shoot yield in the 100% hydroponic effluents treatment was due to the superior balance in the chemical attributes of that waste compared to the others. The control treatment (T1) plot was very low in yield thereby indicating that growth was stunted due to the lack of important nutritional elements (Maynard and Hochmuth 1997) . Moreover, differences in yield was not only associated with the amount of nitrogen added to the soil via the hydroponic effluents, but rather the amounts of the other nutrients (phosphorus, potassium, calcium and magnesium), biological activity and various forms of N when compared to the control treatment. The other elements found in the hydroponic effluents also help in promoting growth of the lettuce plants. Hydroponic effluents application on the soil resulted to an accumulation of nitrogen, phosphorus and potassium in lettuce leaves (p < 0.05), Table 1 .0. The treatment with 100% recommended mineral fertiliser rate showed significantly higher levels of N, P and K in the plants followed by 100% hydroponic effluents. It should also be noted that the 100% hydroponic effluents treatment allowed higher rate of accumulation as compared to the control treatment. Moreover, the N content in lettuce leaves was below the maximum limit for nitrate in lettuce established by the European Commission (2005). In fact, the nitrate concentration of lettuces leaves depends more on fertiliser type, dose or repeated applications (accumulative effect) than on the time of the year in which the crop is grown and these results confirmed that the fertiliser type plays a very crucial role (Pavlou et al. 2007 ). The accumulation of calcium content in lettuce plants was 98.51 mg/L for treatment T2 (100% hydroponic effluents) and that of Treatment T5 (100% recommended fertiliser rate) was 80.21 mg/L (Figure 2.0) . Treatment 2 had the highest Ca accumulation. In fact, calcium plays an essential role in plant development and overall plant health because it is a structural component of cell walls and it is necessary for cell growth and division. In lettuce an increase of calcium in the leaf tissues can increase photosynthetic capacity and also chlorophyll synthesis (Reiss and Beale, 1996; Fallovo et al. 2009 ). In addition, increasing the calcium content in the leafy vegetables could further improve their nutritional benefits to the consumers considering that calcium is the mineral nutrient most commonly deficient in modern diets (Grusak, 2002) . Hence the calcium derived from the hydroponic effluents plays a positive role in the lettuce production. Magnesium also is important for the metabolic activity because it is related to many enzymes controlling the metabolism of carbohydrates, fats, proteins and electrolytes (Chakraborti et al. 2002) . Therefore, the high magnesium content in the lettuce leaves would not have any side effect on health. Copper is an essential micronutrient for plant growth, but is required only in small amount and at a higher concentration it is toxic (Mahmood, 2006) . The zinc and copper levels were well below the maximum permissible value (60 mg/kg and 40 mg/kg) in food proposed by WHO/FAO (Codex Alimentarius Commission, 2007) (Arora, 2008) . As regards to the other elements in the lettuce plants the sulphur, sodium and manganese were higher as compared to zinc, iron, copper and chromium. Yet from the research conducted it can be deduced that the lettuce produced under hydroponic effluents treatments were safe for consumption.
Contribution of N from hydroponic effluents

VII. CONCLUSION
People's concern about their health and well-being is increasing. As a result, the greenery appears as an important food. The results obtained in this study showed that it is possible to irrigate leafy vegetables with hydroponic effluents as the wastewater provided the necessary elements for growth and normal physiological activity of plants. The hydroponic effluents consist of the macronutrients which are of key importance, as they determine crop yield and the quality of crops. Plants cultivated with 100% hydroponic effluents appeared healthy when compared to the 100% recommended mineral fertiliser rate. Overall, the use of hydroponic effluents in crop production would definitely help in protecting the environment by decreasing the load of pollution.
